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Introduction

The term myopathy is defined as a “muscle disease”
affecting the muscle’s structure, morphology and bio-
chemistry. It may arise from multiple causes and leads
to changes in muscle tone and contraction with vary-
ing degrees of severity, including “idiopathic inflamma-
tory myopathies”. 1)

       One of the agents that can induce inflammation is
carrageenan, a polysaccharide and powerful irritant,

widely used in experimental animals. 2)

       In inflammatory processes, nitric oxide (NO) acts
as a possible modulator, being synthesized from L-argi-
nine in an equimolar reaction with O2, NADPH, and
the production of L-citrulline. High levels of NO
coproduct were found in serum of patients with
inflammatory diseases. 3) NO plays an important role in
normal physiological processes and pathological condi-
tions; 4) oxidative damage due to its overproduction
and that of other reactive oxygen species (ROS) may
be involved in inflammatory pathogenesis. 5, 6) When
the increase in the intracellular content of ROS exceeds
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the antioxidant defenses of the cell, oxidative stress
occurs, which alters the cell function and contributes
to the development of inflammatory conditions. 7)

       To counteract the effects caused by inflammation,
nonsteroid antiinflammatory drugs (NSAID) are used,
which are mostly prescribed to treat inflammatory con-
ditions, despite the tolerance problems that they cause,
especially gastrointestinal and renal toxicity. 8)

       Since the mid ‘60s, 9) the use of light energy as a
therapy for inflammatory processes and cell trophism
opened up a new field in the interaction of electromag-
netic energy with biological tissue. Photobiostimulation is
the process by which low level laser therapy (LLLT) acti-
vates cellular functions without causing significant tissue-
level heating. It can stimulate and/or inhibit a biological
process depending on the tissue and the dose of irradia-
tion, and therefore a modulating action is attributed to it.
It is widely used in controlling inflammatory processes,
repair of skin wounds, rheumatic diseases, osteoarthromy-
opathies, neuromuscular disorders, sports injuries, among
others. 10-14) Although LLLT is widely used in clinical reha-
bilitation, there are conflicting results in the literature, 15-21)

and we believe that investigating the cellular and molecu-
lar events that occur when lasers of different wavelengths
interact in myopathies, could result in a significant contri-
bution to optimizing its use in inflammatory muscle dis-
eases. We set out to investigate the photobiomodulator
effect of HeNe and GaAs lasers, in an experimental model
of myopathy, identifying the inflammatory biomarker,
nitric oxide (NO), associated with oxidative stress, and
analyzing any anatomopathological changes.

Materials and Methods

Experimental group:

Seventy 5-month old Wistar strain female rats weighing
200 ± 20 g were distributed in 7 groups: (A) control
(intact rats that received LLLT sham exposures) (n=10),
(B) rats with myopathy and sacrificed 24 h later (n=10),
(C) rats with myopathy and sacrificed 10 days later
(n=10), (D) rats with myopathy and treated with HeNe
laser (n=10), (E) rats with myopathy and treated with
GaAs laser (n=10), (F) intact rats treated with HeNe
laser (n=10), and (G) intact rats treated with GaAs laser
(n=10). A larger number of animals were not used per
group because of the low dispersion shown by the vari-
ables studied in previous work. 16, 17, 22)

Experimental model of myopathy: 

Fifty µl of 1% carrageenan λ (type IV), dissolved in dis-
tilled water, was injected in the left gastrocnemius

muscle in groups B, C, D and E, with the intention of
producing muscle injury and inducing an inflammatory
process. 2, 23) Group B was sacrificed 24 h after injec-
tion with carrageenan in order to know the degree of
injury and inflammation generated, prior to starting
treatment with LLL. Myopathy groups C, D and E were
sacrificed 10 days after induction of myopathy.
       The investigation was conducted according to the
guide for the care and use of laboratory animals pub-
lished by the U.S. National Institute of Health, NIH
publication (No. 85-23, revised 1996).

Treatment with LLL:

This was carried out with He.Ne laser (632.8nm), con-
tinuous beam, 5 mW and one minute of irradiation per
session, and with Infrared GaAs laser (λ = 904 nm),
pulsed beam, 12 mW and 47 second of irradiation per
session. The energy density supplied with each laser
was 9.5 J.cm-2 applied daily at the points injected with
carrageenan, treated for 10 days in the groups D, E,
and noninjured muscle in groups F and G.

Experimental material:

a. Plasma collection
The blood was obtained by decapitation of the ani-
mals, after anesthesia by Ketamine 10 mg/kg/rat, and
was centrifuged at 3000 rpm to obtain the plasma. The
NO was determined by spectrophotometry as a Griess
reaction. 24)

b. Muscle Tissue collection
The muscles (5/10) were cut and placed in formalde-
hyde 10% (single-blinded), stained with Hematoxylin-
Eosin and observed by optic microscopy.

Statistical Analysis:

The quantitative variable was expressed as Mean ±
SEM and statistically analyzed by ANOVA and the
Fisher test, and the percentage area with inflammatory
infiltrates was determined in 5 optical microscopy pho-
tographs (100X) for each group and analyzed  with the
Axiovision 4.8 program - Carl Zeiss Imaging Solutions
GmbH (Hallbengmoos – Germany), referenced to a
scale of 1µm. For the quantification analysis, Pearson’s
Chi Squared test was applied, establishing significant
difference when p < 0.05 for all cases.

Results

The effect of LLLT on NO (µM) levels in rats with
experimental myopathy is shown in Figure 1. NO
increased significantly in the group with myopathy sac-
rificed 24 h later (14.83 ± 0.97 µM) (B) and the group



with myopathy sacrificed 10 days later (21.63 ± 1.20
µM) (C), compared with the groups: control (7.39 ±
0.77 µM) (A), with myopathy and treated with HeNe
laser (11.76 ± 0.90 µM) (D), with myopathy and treated
with GaAs laser (10.96 ± 0.62 µM) (E), intact rats treat-
ed with HeNe laser (8.51 ± 0.71 µM) (F) and intact rats
treated with GaAs laser (9.45 ± 0.80 µM) (G) (p <
0.05). There were significant differences between
groups B and C (p < 0.05). There were no significant
differences between groups A, F and G.
       Sections of skeletal muscle of the groups: control
(A), with myopathy (B and C), with myopathy and
treated with HeNe laser (D) and with myopathy and
treated with GaAs (E) observed by optical microscopy,
are shown in Figures 2, 3, 4, 5 and 6 respectively.
The percentages of area with inflammatory infiltrate in
rats with induced myopathy and treated with LLLT can
be seen in Figure 7. 
       The percentage of inflamed area was significantly
increased in the group with myopathy sacrificed 10
days later (49.66%) (C), when compared with the
groups: control (0%) (A), with myopathy sacrificed 24
h later (12.62%) (B), with myopathy and treated with
HeNe laser (15.20%) (D), with myopathy and treated
with GaAs laser (1.35%) (E), intact rats treated with
HeNe laser (0%) (F), and intact rats treated with GaAs
laser (0%) (G) (p<0.001). There were significant differ-
ences between groups D and E (p<0.001).

Discussion

Although LLLT in the clinical area is recognized for its
anti-inflammatory, analgesic and trophic therapeutic
properties, in the literature there are many contradic-
tions in both clinical and experimental results. 10-23)

The diversity of protocols and methodologies has led
to many results not being considered reliable, which
motivated us to try to make a contribution through this
study to consolidate criteria and knowledge.
       The experimental model of myopathy was suc-
cessfully reproduced. Significant edema and erythema
of the limb was observed macroscopically, in addition
to significant changes in concentration of biomarker
and histological structures.
       The results of recent work from our laboratory
showed no significant plasma inflammatory indicator
17) or histological structure 14) changes between a
group of intact rats and a group of rats injected with
saline, which also confirms that the induction of the
inflammatory process is attributable only to car-
rageenan and not to the possible stress caused by the
puncture.
       In the groups with myopathy, the concentration
of NO (Figure 1) was significantly higher than in all
other groups. These results contrast with those
obtained in another experimental myopathy model
performed in our laboratory, 22) in which NO fell
below that of the control group, so they presumably
follow different routes.
       When NO is found at high concentrations under
conditions associated with inflammatory processes, in
part it autoxidizes, generating dinitrogen trioxide
(N2O3), and it partly reacts with superoxide anion (O-

2) forming peroxynitrite (ONOO-). This reaction is six
times faster than that of O-2 with superoxide dismutase
(SOD) and leads to lower availability of NO. The sig-
nificant increase of this free radical and the possible
presence of ONOO- may indicate the existence of
oxidative stress. 7) In the groups with myopathy and
treated with LLLT (D and E), NO values were signifi-
cantly lower than with myopathy-untreated groups (B
and C). These results may indicate that LLLT regulates
the levels of ROS, possibly acting at the level of the
inner mitochondrial membrane, where not only does
part of the synthesis of NO occur but there is also the
greatest amount of O-2.
       LLLT exposed in intact rats (F and G) does not
cause disruption of normal tissue at morphological or
systemic levels. Concentrations of NO do not differ
from control rats exposed to switched-off LLL equip-
ment (A), nor are histological changes observed,
demonstrating that the sole manipulation of the ani-
mals does not produce stress and that LLLT is a low
risk treatment and does not affect cell viability at thera-
peutic doses.
       Histological analysis of the group with myopathy
and sacrificed 10 days later (C) revealed a significant
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Fig. 1: Effect of HeNe and GaAs laser on plasma NO lev-
els in rats with myopathy from injection of car-
rageenan (n = 10). Means ± SEM are presented.
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Fig. 2: Control group (intact rats that received sham
exposures) (A). Striated muscle fibers and con-
nective tissue are preserved.
No signs of myositis or fibrosis are seen. 
H-E (100X).

Fig. 3: Group with myopathy and sacrificed 24 h later
(B). Intense acute inflammatory infiltrate, rich in
polymorphonuclear neutrophils. The inflamma-
tion and edema dissociate the fibers. 
H-E (100X).

Fig. 4: With myopathy and sacrificed 10 days later
group (C): The process involves the muscle and
dissociates the fibers. Chronic inflammation. 
H-E (400X).

Fig. 6: With myopathy and treated with GaAs laser
group (E): Striated muscle fibers and connective
tissue are preserved. No signs of inflammation.
H-E (100X).

Fig. 5: With myopathy and treated with HeNe laser
group (D): The muscle fibers are preserved.
The inflammation was slight. 
H-E (100X).

Fig. 7: Percentage of area with inflammatory infiltrate
in rats with myopathy from injections of car-
rageenan and treated with HeNe and GaAs laser
(n=5).



percentage of area with inflammatory infiltrate (Figure
7), edema, destruction of muscle fibers and their
replacement by connective tissue, with few conserved
muscle fibers (Figure 4). In the group with myopathy
and sacrificed 24 h later (B), there was acute inflamma-
tory infiltrate, characteristic of the action of car-
rageenan (Figure 3), although the percentage of area
occupied is less in this group (Figure 7). In the group
of rats with myopathy and sacrificed 8 days later (C),
however, the inflammation became chronic (Figure 4).
The presence of neutrophils in groups B and C may
explain the increased concentration of NO in the
inflamed tissue. In contrast, in the groups with myopa-
thy and treated with LLLT (D and E), there was a
notable reduction in the area occupied by inflammato-
ry infiltrate (Figure 7).
       Parra Lara claims that the GaAs laser has a hyper-
trophic effect on rat skeletal muscle, 25) since, by mor-
phometry, it detects an increase in muscle fiber area
post-irradiation without change in the density of the
volume of connective tissue, results that could not be
confirmed through this study.
       One possible explanation for the susceptibility of
skeletal muscle injured and treated with LLLT demon-
strated by the reconstitution of muscle fibers (Figure
5, 6) may be related to its mitochondrial content and
the presence of satellite cells. These cells would be
stimulated by LLLT, 26) are located over the muscle

fiber but beneath the sarcolemma, are involved in
skeletal muscle regeneration and participate in its
growth, providing nuclei and cytoplasmic mass to the
muscle fiber, 27, 28) and it is argued that LLLT promotes
recovery of muscle atrophy in association with satellite
cell proliferation and angiogenesis.
       There were no differences between the effects
generated by each of the lasers on NO levels, which
behaved similarly in our experimental model of
myopathy, but there were differences in the percent-
age of area occupied by inflammatory infiltrate
between the groups D and E. In the group with
myopathy and treated with GaAs laser (E), a lower per-
centage was found. Other authors, such as Reddy, 29)

argue that the HeNe laser is superior to the GaAs in
promoting wound healing.
       The principles of LLLT are based on photorecep-
tors of the mitochondrial respiratory chain, which
change the membrane potential. Its effect is attributed
to the formation of small amounts of ROS and antioxi-
dants, changing the cellular redox state, reducing
oxidative stress 30) and leading to biological responses
with therapeutic effects. 31, 32) It is valued for the
important benefit of having no adverse effects.
       In the present work, LLLT caused great changes
in inflammatory biomarkers, with decreased levels of
NO in rats with experimental myopathies and signifi-
cant muscle recovery.
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